Abstract. The main factor of malarial diagnosis is a Giemsa-stained blood smear image is effectively distinguish the stained pixels. The optimal grayscale conversion method for plasmodium-infected blood smear images is investigated in this paper, by comparing the classification performances of various grayscale conversion methods. We compare the performances of these methods by obtaining the area under the receiver operating curve (AUC) using 20 malariainfected red blood cells (RBCs) and 20 normal RBCs. With the AUC value of 0.9225, the principal component analysis (PCA)-based grayscale conversion method outperformed all other methods.
Introduction
Malaria is a serious global disease with an annual death toll of 150,000-270,000 [1] . The most commonly used method of malarial diagnosis is counting the number of malaria-infected red blood cells in a Giemsa-stained blood smear by using a microscope. This method requires additional training of lab personal to obtain diagnosis-related knowledge, and because of diverse sampling quantities and methods, the resulting diagnosis significantly depends on the performance of the microscope used and the knowledge of the individual experts.
In this paper, we compare the performances of four grayscale conversion methods for distinguishing malaria-infected red blood cells(RBCs) from normal ones in Giemsa-stained blood smear slide images.
The vital feature in distinguishing between malaria-infected and normal RBCs is the stained cell color because the classification depends on staining intensity. However, the main color is difficult to obtain because of the large variance of microscopic images of malaria-infected cells depending on luminance and staining intensity. To address this variation-related problems, this paper compares the principal component analysis (PCA) method for obtaining the principal axis of the cell color [2] and the colorimetric conversion, luma coding applied in another study [3] , and grayscale conversion method using only the green channel [4] . We compare their performances by obtaining the area under the receiver operating curve (AUC) as minimum value of the histogram intra-class variance for each cell image.
The experimental results revealed that the PCA-based grayscale conversion method demonstrated the best AUC value (0.9225), thus proving to be the optimal method.
Materials and Methods
The malaria-infected cell image analysis program used in this study was developed using MATLAB.
Fig. 1.
The overall processing flow chart for the performance verification. First, the images of the malaria and normal RBCs are loaded along with the mask for the extraction of the cell parts alone. Then, the grayscale conversion is processed using the four methods to be compared, followed by ROC graph drawing with the minimum values of the histogram intra-class variance from the processed grayscale images and the performance assessments by obtaining their AUCs.
Grayscale is a digital image that carries only the information on luminous intensity. It consists of multiple-shade. Colorimetric grayscale conversion ensures that the color and grayscale images have the same absolute luminance. The RGB color model is converted into grayscale by using the coefficient calculated from the intensity values of the three primary colors as perceived by the human eye.
Luma coding grayscale conversion used here are similar to those in the color space Y'UV, which is used for video systems. A nonlinear luma component(Y') is calculated directly from the values of gamma compression via weighted sum, which can be calculated quickly without undergoing compression or gamma expansion.
Green channel gray conversion method using exclusively the green channel adopted in other study. The parts of a malaria-infected RBCs harboring the malaria parasites are stained violet and thus, they are the most influenced by the green channel.
PCA-based grayscale conversion is a method of grayscale conversion in which the principal axis of the RBC color is calculated and maximum contrast is created using linear least-square fitting. This method, which was presented by Russ, uses the RGB color coordinate system. Each pixel on an RGB color image can be expressed in this color space. The best fit regression line, which minimizes the point-to-line distances in this space, can then be created via regression. 
Results
For performance verification, we use the ROC value. The ROC curve for the PCAbased method demonstrates that the PCA-based method outperformed other methods in all sections except for the 90%-80% and 40%-30% specification sections, with the best performance shown in the 65%~40% section. Table 1 lists the AUC values of the four grayscale conversion methods. With the AUC value of 0.9225, the PCA-based method outperformed the other three methods. In contrast, the green-channel-only grayscale conversion method used in other malaria studies was outperformed by all the other methods
Conclusion
We performed a comparative experiment on four conversion methods in order to determine the optimal grayscale conversion method for microscopic images of malaria-infected cells. In order to identify the best-performing method for binarizing grayscale images by using the Otsu thresholding technique, we obtained the AUCs as the minimum histogram intra-class variance values for individual cell images. The PCA-based method showed the AUC value of 0.9225, thus demonstrating the best performance.
The PCA method converts the original images into grayscale images by obtaining the principal axis of the RBC color, thus overcoming the variance depending on the luminance and staining intensity of the microscopic images of malaria-infected cells by efficiently determining the main color.
If a parasite classification or an automated malaria detection algorithm is developed based on this method, a high-performing automated malaria diagnosis system could be implemented.
